Radial piston hydraulic motor and method in 
the control of a radial piston hydraulic motor 



The invention relates to a radial piston hydraulic motor and to a method in the 
control of a radial piston hydraulic motor. 

In prior art there is known a radial piston hydrauUc motor design in which a cam 
ring is connected to a box frame. The cam ring is a wave-shaped structure, and 
pistons connected to a non-revolving piston frame can be pressed one after 
another against the inner surface of the wave-shaped structure. Some of the 
pistons are in a working phase and some of them in a return phase. The supply of 
oil into the piston frame is regulated through a distributor valve, which revolves 
with the box frame. The piston frame is connected with the central non-revolving 
central shaft. 

From the prior art designs, separate neutral position valves are known through 
which the motor can be disengaged to be in a neutral state so that the box frame 
and a structure associated therewith, for example, a wheel of a vehicle, can be 
rotated freely. The neutral position valves in accordance with the prior art are 
component units which are outside the structure and which, with their extra hoses 
and connections, increase the price of the system and slow down installation. 

This application discloses a radial piston hydraulic motor design in which a 
neutral position valve, i.e. a free rotation valve, is integrated inside a radial piston 
hydraulic motor. Said free rotation valve enables the hydraulic motor to be 
disengaged for free rotation and again engaged for operation. In that connection, a 
separate free rotation valve outside the hydraulic motor is not needed. 



In accordance with the invention, the valve is constructed in the frame of the 
radial piston hydraulic motor itself and, in the embodiment shown in the figures, 
in the central shaft thereof. The central shaft includes a spindle cavity for a 
separate movable spindle. In accordance with the invention, a spring is provided 
at the end of the spindle placed in the spindle cavity, so that control pressure can 
be passed to the end of the spindle. When control pressure is passed to the end of 
the spindle, said spindle can be moved to different positions in the spindle cavity. 
One position provides a neutral state in accordance with the invention, in which 
state the inlet line and the return line of working pressure are blocked and in 
which state the springs connected with the pistons have pressed the pistons to the 
bottom position, so that the piston rollers connected to the pistons are spaced from 
the wave-shaped cam ring. 

In the most general embodiment of the invention, the free rotation valve including 
a spindle in accordance with the invention can be generally used in a radial piston 
hydrauHc motor that includes a piston frame, a central shaft, a box frame and a 
distributor valve. The invention can relate to a radial piston hydraulic motor in 
which the box frame is rotated or to a radial piston hydraulic motor in which the 
box frame is in a fixed position and the central shaft is rotated. In accordance with 
the invention, the spindle blocks the pressure lines in a free rotation situation and 
in the arrangement in accordance with the invention, in a free rotation situation, 
_ both the working phase passages and the retum phase passages leading from the 
pistons are connected in series with one another and, advantageously, said series 
connection is additionally in hydraulic fluid communication with the box frame. 
Thus, by means of the valve in accordance with the invention and by operating it, 
the working pressure line and the retum pressure line are blocked in a free rotation 
situation. In accordance with the invention, said blocking takes place inside the 
radial piston hydraulic motor by operating the spindle of the neutral position valve 
placed in the radial piston hydraulic motor so that its shoulders block the inlet line 
of working pressure and its retum line, i.e. outlet line in a free rotation situation. 
The lines are also called passages. 
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Advantageously, the device arrangement is such that control pressure acts on the 
end of the spindle in a normal drive state and during free rotation said end is not 
acted on by means of control pressure. 

5 

In accordance with the invention, the spindle is provided with separate shoulders, 
which block the inlet line and the return line of working pressure in a free rotation 
situation. 

10 The radial piston hydraulic motor and the method in the control of the radial 
piston hydraulic motor according to the invention are characterized by what is 
stated in the claims. 

In the following, the invention will be described with reference to the appended 
15 drawings, to some advantageous embodiments of the invention shown in the 
figures. 

Figure 1 is a sectional view of a radial piston hydraulic motor in accordance with 
the invention in a free rotation situation. 

20 

Figure 2 shows the radial piston hydrauUc motor in accordance with the invention 
. at the stage where the motor is engaged to drive. The illustration is a sectional 
view. 

25 Figure 3 shows the motor in accordance with the invention in a drive state in 
which control pressure acts on the end of a spindle. 

Figure 4 is a partial sectional view along I-I of Fig. 1. A piston frame and springs 
associated with pistons are shown. Fig. 4 does not show a cam ring and a central 
30 shaft. 
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Figure 5A shows a second embodiment of the spindle in a position in which no 
control pressure has been passed to a passage C and in which a spring keeps the 
spindle in a position in which the radial piston hydraulic motor drives. 

5 Figure 5B shows a stage in which control pressure has been passed into the 
passage C and the radial piston hydraulic motor is in a free rotation situation. 

Fig. 1 shows a free rotation situation. 

10 If there is no control pressure in a passage C, a radial piston hydraulic motor 100 
is in a free rotation state. In that connection, a spindle 19 is in an extreme position 
on the left by the action of a spring 21, so that both an inlet line, i.e. a pressure 
passage B, and a return passage A of working pressure are blocked and pistons 
13ai, 13a2... are at the bottom, with the result that a box frame 10 of the radial 

15 piston hydraulic motor 100 can be rotated freely by external force, i.e. the radial 
piston hydraulic motor 100 is, so to speak, freely rotatable. The passages can also 
be called lines. 

Fig. 1 shows the radial piston hydraulic motor 100 in accordance with the 
20 invention in a free rotation situation. The main parts of the radial piston hydraulic 
motor 100 in accordance with the invention are described based on Fig. 1. The 
radial piston .hydraulic, motor 100. illustrated, in. .the -figure -is shown as a - - 
longitudinal sectional view. The radial piston hydraulic motor 100 includes a box 
frame 10. A cam ring 11 revolving with the revolving box frame 10 is connected 
25 to said revolving box frame. A non-revolving piston frame 12 includes the pistons 
13ai, 13a2..., each piston 13ai, 13a2 including a press wheel or a press roller 14ai, 
14a2. which can be pressed by means of the pressure of a hydrauhc fluid, such 
as hydraulic oil, against an inner surface IT of the cam ring 11. The cam ring 1 1 
is a wave-shaped structure, so that when the piston 13ai, 13a2... with its press 
30 wheel 14ai, 14a2. . . is pressed with force against the cam ring 1 1, the press wheel 
conforms to the shape of the cam ring and thus rotates, with a desired force, the 
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cam ring 1 1 and the box frame 10 associated therewith and further, for example, a 
wheel of a vehicle or another object to the driven. 

The figure shows a bearing 15 and a bearing 16 by means of which the box frame 
5 10 is arranged to rotate with respect to a central shaft 17. The central shafl 17 is a 
non-revolving shaft. A distributor valve 18 is connected to the box frame 10 and 
rotates therewith. The distributor valve 1 8 includes bores 23 from one frontal face 
thereof to another and further to the pistons 13ai, 13a2. . ., to the cylinder spaces of 
the pistons, through passages 22 situated in the piston frame 12, which passages 

10 allow working pressure to be transferred, as desired, from the passage B to the 
piston 13ai, 13a2... which is in the working phase at each particular time and 
through which distributor valve 18 a hydraulic fluid, such as hydrauHc oil, can be 
passed from the pistons 13ai, 13a2... which are in the retum phase to return 
circulation and to the retum passage A. The device arrangement comprises a so- 

15 called free rotation valve 50. The control spindle 19 of the free rotation valve 50 
in accordance with the invention is placed in a spindle cavity 20 in the centre of 
the central shaft 17. The control spindle 19 includes shoulder portions ti, t2, ts, t4 
and axial portions pi, p2, ps, p4 of a smaller cross-section between them. Around 
the axial portion p4 there is a spring 21, the spindle 19 being moved against the 

20 force of said spring by means of a pressure provided at the end of the spindle from 
the control pressure passage C. A passage 22 leads from each piston 13ai, 13a2... 
- to the distributor valve 1.8 and further in connection with the distributor valve 18 
there are passages 23 opening into an annular groove 24a situated on the outer 
surface of the shaft 17. In the figure, the pressure passages are denoted with the 

25 letters B and D and the retum passages are denoted with the letters E and A. The 
passage E is connected with an axial passage F which is connected with a passage 
G opening into the end of the spindle cavity 20. The passage E is a radial passage 
and it also opens at its end into the spindle cavity 20. Between the passages B and 
D there is a wall 25, a so-called partition wall. The passages B and D open into 

30 the spindle cavity 20. When the shoulder t2 of the spindle 19 is at the wall 25, the 
passages A and B are, so to speak, blocked with respect to each other, i.e. flow 
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communication between them is prevented and the box frame 10 of the radial 
piston hydraulic motor 100 can be rotated freely. In that connection, springs Ui, 
U2... have pressed the press wheels 14ai, 14a2 of the pistons 13ai, 13a2... to the 
bottom position, so that the press wheels 14ai, 14a2... are spaced from the cam 
5 ring 1 1 . The passages D and E and the inlet passages and return passages 23 of the 
distributor valve 1 8 then communicate in series with one another. The shoulder t3 
of the spindle 19 prevents the space between the shoulders t2 and ts from being in 
communication with the retum passage A. The shoulder t2 prevents 
communication with the pressure line B. The passages 23 of the distributor valve 

10 18 are in conununication with one another through the spindle cavity 20 at the 
area between the shoulders t2 and ta, so that oil can flow from below the pistons 
13ai, 13a2... while assisted by the springs Ui, U2... through the passages D, E, F, 
G, a space H and a passage J into a box K, so that the press wheels 14ai, 14a2. . . of 
the pistons 13ai, 13a2... separate from the cam ring 11 and the box frame 10 of 

15 the radial piston hydraulic motor 100 can be rotated freely. 

When the spindle 19 is moved in the direction indicated by the arrow Li in the 
figure by means of the pressure of a hydraulic fluid, such as oil, passed into the 
passage C against the spring force of the spring 21, the shoulder t2 of the spindle 

20 19 is moved to a position in which the shoulder t2 is at the partition wall 26 and 
the pressure passage B is in communication with the oil passages of the working 
side of the distributor valve 18, and the oulets of the distributor -valve -18 are 
further connected to the outlet passage A. In that connection, the pressure side B 
and the outlet side A are connected with each other through the distributor valve 

25 18 and the pistons 13ai, 13a2... The passages 23 of the distributor valve 18 
provided for the pistons 13ai, 13a2... which are in the working phase open into 
the annular groove 24a and the passages 23 of the distributor valve 18 provided 
for the pistons 13ai, 13a2... which are in the retum phase open into a second 
annular groove 24b. The passage C includes a plug 30 and a through-hole 31 in it 

30 for a hydraulic fluid. The plug 30 keeps the spindle 19 in the spindle cavity 20. 
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The inlet passages 23 of the distributor valve 18 open into the passage D situated 
in the shaft 17 and the return passages 23 thereof open into the passage E situated 
in the shaft 17. The passages D and E open into the spindle cavity 20. The axial 
passage F is connected with the passage E and the passage G, which extends 
5 radially in the shaft 17 and opens into the end area of the spindle cavity 20, is 
connected with the axial passage F. The return passage A opens into the spindle 
cavity 20 at the area between the passages E and G. From the interior space K of 
the box 10 there is the passage J in the shaft 17, which passage J opens into the 
spindle cavity 20 at the end area thereof The spindle 19 includes the shoulders ti, 

10 t2, t3 and t4, advantageously shoulders of circular cross-section, and the smaller- 
diameter spindle portions pi, pa, pa, P4 between them, the cross-section of said 
spindle portions being advantageously circular. The spring 21 is situated around 
the portion p4 between the shoulder t4 and the end of the spindle cavity 20. The 
passage B includes an end passage portion which extends radially in the shaft 17 

15 and opens into the spindle cavity 20. The partition wall 25 is placed between it 
and the radially extending passage D. Between the passage E, which extends 
radially in the shaft 17 and opens into the spindle cavity 20, and the passage D 
there is also the partition wall 26. 

20 In the device arrangement, in the drive state of the motor, the shoulder t2 of the 
spindle 19 is at the partition wall 26, so that the pressure passage B of the radial 
. piston hydraulic motor 100 communicates, through- the space 20 between the 
shoulders t, and t2, with the passage D, the passages 23 of the distributor valve 18 
and with the pistons 13ai, 13a2... which are in the working phase. The return 

25 passages 23 of the distributor valve 18 and the pistons 13ai, 13a2... which are in 
the return phase communicate with the return passage A between the passage E 
and the shoulders t2 and ts via the spindle cavity 20 of the spindle 19. In the free 
running state when the motor 100 does not drive, the springs Ui, U2... press the 
pistons 13ai, 13a2. . . to the bottom position, so that the pressure lines A and B are 

30 blocked and the working phase and return phase passages 23 of the distributor 
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valve 18 commimicate with one another through the passages D and E and the 
spindle cavity 20 at the area between the shoulders ta and ts of the spindle 19. 

The special features of the invention are described in greater detail below. 

Fig. 2 shows the phase in which the radial piston hydraulic motor 100 is engaged 
to drive. 

When a pressure force exceeding the compression of the spring (21) is passed to 
the line C, the spindle 19 is caused to move to the right. The line G closes, so that 
pressure cannot any more enter, from below the pistons 13ai, 13a2..., the interior 
space K of the box 10. When the second shoulder t2 of the spindle 19 from the left 
is at the line D, the pressure is momentarily able to pass from the line B to the 
lines D and E, and therefrom through the distributor valve 18 again below the 
pistons 13ai, 13a2... Consequently, the pistons 13ai, 13a2... are caused to rise 
from their bottom position towards the cam ring 1 1 . The high working pressure of 
the line B is momentarily lowered because at this moment there is also 
communication with the line A having a smaller pressure. 

When the pistons 13ai, 13a2... and the piston rollers 14ai, 14a2... are moving 
towards the cam ring 11, a pressure is generated inside the box frame 10 because 
of the throttling action of a normal hose line, f leading, from the interior space K of 
the box 10 to a tank T. The pressure of the interior space K of the box 10 also acts 
through the passage J on the end of the spindle 19 at the side of the spring 21, and 
on the shoulder t4. In that connection, the speed of movement of the spindle 19 to 
the right (arrow Li) slows down because of the pressure force acting on the 
shoulder t4 such that high pressure peaks are not produced at any stage in the 
interior space K of the box 10. The passage J is a radial passage situated in the 
shaft 17 and it opens into the interior space K of the box 10 and into the end of the 
spindle cavity 20. 
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Fig. 3 shows a normal drive state (control pressure acts on the passage C). 

When the piston rollers 14ai, 14a2... have reached the cam ring 11, the radial 
piston hydraulic motor 100 is in a normal drive state. The shoulder ta of the 
5 spindle 19 separates the pressure Hnes B and A as well as the passages D and E 
from one another. Oil flows from the passage B through the line D to the 
distributor valve 18 and further under the pistons 13ai, 13a2. . . In the return phase 
of the pistons 13ai, 13a2... (at that time, the pistons 13ai, 13a2... move towards 
the centre of the radial piston hydraulic motor 100), oil is passed from below the 

10 pistons 13ai, 13a2... through the distributor valve 18 to the passage E and further 
to the line A. The spindle 19 is in a position in which the radial passage E opens 
into the space between the shoulders and U, so that pressure has access from the 
line E only into the passages F and G and into the space between the shoulders ta 
and U in the spindle cavity 20. The shoulder U prevents pressure communication 

1 5 with the passage J and with the interior space K of the box 1 0. 

Transition to neutral position 

When the control pressure is removed from the line C, the spindle 19 starts to 
20 return to the left by means of the spring 21. When the spindle 19 is completely on 
the left (Fig. 1), oil is able to flow from under the pistons 13ai, 13a2... through the 
. distributor valve 1 8 and the.passages D and E to the passages F and G and^further - 
through the end space H of the spindle cavity 20 and through the passage J to the 
interior space K of the box 10, from where there is the box line f leading to the 
25 tank T. There is the same pressure above and below the pistons 13ai, 13a2..., so 
that the free rotation springs Ui, U2... and the cam ring 11 (when revolving) are 
needed to press the pistons 13ai, 13a2. . . to their bottom position. When all pistons 
13ai, 13a2... are in the bottom position, the motor can be rotated freely. When the 
direction of rotation of the radial piston hydraulic motor 100 is changed, a higher- 
30 pressure working pressure is passed to the passage A, so that a lower-pressure 
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return line is formed by the passage B. The operation of the radial piston hydraulic 
motor 100 is otherwise the same. 

In the embodiments shown in the above-mentioned figures, the spindle 19 is 
5 constructed such that in a situation where no pressure is passed into the passage C, 
the spring 21 holds the spindle 19 in a position that provides free rotation. When 
control pressure is passed into the passage C, the spindle 19 is moved to a position 
in which a normal drive state is provided. 

10 Fig. 4 is a sectional view along I-I of Fig. 1. The figure is a partial sectional view. 
The piston fi-ame 12 and the springs Ui, U2... associated with the pistons 13ai, 
13a2... are shown. The cam ring 11 and the central shaft 17 are not shown in the 
figure. The pistons 13ai, 13a2... and the press rollers 14ai, 14a2... associated with 
them are pressed by means of the springs Ui, U2... out of contact with the inner 

1 5 surface of the cam ring 1 1 in a firee rotation situation. 

Figs. 5 A and 5B show a second embodiment of the spindle 19 of the invention, 
the operation mode being different in the embodiment. When no control pressure 
is passed into the passage C, the spindle 19 is kept by means of the spring 21 in a 

20 position in which a drive situation is realized, and when control pressure is passed 
into the passage C, the spindle 19 is moved against the spring force of the spring 

. 21 to a, position in which. a.neutral. position, situation-is.realized. In the- phase-of- - - - 
Fig. 5 A, no control pressure has been passed into the passage C and the spindle 19 
is in a position in which a drive situation is realized, and in the illustration of Fig. 

25 5B, control pressure has been passed into the passage C and the spindle 19 has 
been moved to a position in which the shoulders ti and t2 block the pressure lines 
A and B and the radial piston hydraulic motor 100 is fi:"eely rotatable, i.e. in a fi-ee 
rotation state. 

30 A free rotation valve 50 built inside the radial piston hydraulic motor 100 is used 
in the method for control of the radial piston hydraulic motor in accordance with 
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the invention. The free rotation valve 50 comprises the spindle 19, which is 
moved in the spindle cavity 20. In accordance with the invention, the radial piston 
hydraulic motor 100 is controlled such that the shoulders ti and t2 of the spindle 
19 in the free rotation situation block the inlet and outlet passages A and B of the 
5 working pressure, so that in the free rotation situation the pistons 13ai, 13a2. . . and 
the press rollers 14ai, 14a2... associated with them are pressed by means of the 
springs Ui, U2... to the bottom position and out of contact with the cam ring 11. 
The radial piston hydraulic motor 100 can then be rotated freely. 

10 Furthermore, in the method in accordance with the invention, the passages of the 
distributor valve 18 leading to the pistons 13ai, 13a2... which are in the working 
phase and the passages of the distributor valve 18 leading from the pistons 13ai, 
13a2... which are in the retum phase are connected in series in the free rotation 
situation and, in addition, said system of passages connected in series is connected 

15 to the interior space K of the box frame 10. In the method in accordance with the 
invention, control of the radial piston hydraulic motor 100 takes place by linearly 
moving the spindle 19 placed in the spindle cavity 20 of the central shaft 17. 

The operation shown in Figs. 5A and 5B can also be accomplished by the design 
20 of Figs. 1 - 3 such that the spring 21 is moved to the left end of the spindle 19 
shown in Fig. 1 and, correspondingly, an extemal control pressure is passed to the 
right end of the spindle 19 shown in Fig^ 1. In that case, the right-hand end of the 
spindle 19 must be provided with an additional shoulder t for receiving pressure 
and a line C for supplying control pressure. When the control pressure is now 
25 passed to the right side of the additional shoulder t, the radial piston hydraulic 
motor 100 is disengaged to rotate freely. Without said control pressure for the 
right end of the spindle 19, the radial piston hydraulic motor 100 is in the normal 
drive state while the spring 21 in this embodiment moves the spindle 19 to the 
right (arrow Li) to one extreme position of the spindle 19. 

30 
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In this application, control pressure, advantageously the pressure of a hydraulic 
fluid, such as hydrauHc oil, passed to the passage C is used for moving the spindle 
19. The spindle 19 can also be moved by means of an actuator, for example, an 
electric motor. Within the scope of the invention, it is possible to replace the 
spring 21 at the end of the spindle 19, for example, with an air spring. 



